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A new paper by Bailey et al. reveals that lipid droplets, crucial organelles for energy storage, can
also protect against oxidative stress. In Drosophila larvae, lipid droplets in glia allow neuronal
stem cells to keep proliferating under hypoxic conditions. Protection likely involves sequestering
vulnerable membrane lipids away from reactive oxygen species.Cells routinely encounter highly reactive
oxygen derivatives, from endogenous
and exogenous sources. These reactive
oxygen species (ROS) mediate intracel-
lular signaling but in excess cause severe
damage to DNA, proteins, and lipids.
Organisms combat such oxidative stress
with a myriad of strategies, including
small-molecule antioxidants and detoxi-
fying enzymes. Somewhat paradoxically,
increased ROS production also occurs in
cells exposed to reduced oxygen levels
(hypoxia), a particular problem for stem
cells, as they tend to reside in hypoxic
niches. A new paper in this issue of Cell
(Bailey et al., 2015) uncovers a novel anti-
oxidant strategy for stem cell protection.
Here, glial cells harness fat storage organ-
elles to protect neighboring neuronal stem
cells, likely by sequestering vulnerable
lipids away frommembranes. This elegant
paper sheds new light on lipid droplets,
stem cells, and stress protection.
Lipid droplets are the sites where cells
store fat (Walther and Farese, 2012).
Here, a layer of phospholipids and pro-
teins surrounds a core of neutral lipids
(e.g., triglycerides). Lipid droplets play
central roles in lipid metabolism, storing
energy, providing precursors for mem-
brane lipids, and sequestering toxic lipids.
Not surprisingly, droplet dysfunction is
linked to many human diseases, including
fatty liver, diabetes, and cardiovascular
disease.
Do lipid droplets also contribute to the
complex lipid metabolism of the nervous
system? So far, this possibility is poorly
explored (Welte, 2015), though in adult
flies and mice, inappropriate droplet
accumulation in neurons or in glia is linked
to neurodegeneration (Inloes et al., 2014;
Liu et al., 2015). In the CNS of Drosophila
larvae, droplets are abundant duringnormal development, though only in
certain types of glia (Kis et al., 2015).
Bailey et al. (2015) discovered that oxida-
tive stress, as a result of hypoxia or ROS-
generating chemicals, vastly increases
droplet number specifically in the CNS.
These larval glia serve as a niche for
neuronal stem cells, the neuroblasts
(Figure 1, left). Under low-nutrient condi-
tions, they secrete signals that allow
neuroblasts to keep proliferating, even
as other cell lineages stop dividing (Cheng
et al., 2011). Such ‘‘brain sparing’’ selec-
tively protects the CNS, so that larvae
can still develop into fully functional,
albeit smaller, adults. By abolishing drop-
lets specifically in glia, Bailey et al. (2015)
now find that droplet accumulation pro-
motes brain sparing under conditions of
oxidative stress: glial lipid droplets allow
neuroblasts to keep proliferating under
hypoxic conditions.
How does this protection work? One
important type of ROS-induced damage
is lipid peroxidation. Using a fluorescent
sensor, the authors found that lipid perox-
idation is higher in membranes than inside
droplets and that membrane damage
goes up dramatically when glia lack lipid
droplets. Mass spectrometry revealed
that, upon oxidative stress, fatty acids
from membrane phospholipids are incor-
porated into droplet-localized triglycer-
ides. These observations suggest that,
upon oxidative stress, vulnerable lipids
are rerouted to lipid droplets where they
are protected from ROS (Figure 1, right).
There is an interesting twist: although all
types of fatty acids relocate to droplets to
a similar extent, certain ones are selec-
tively depleted from membranes, namely
fatty acids with multiple double bounds,
polyunsaturated fatty acids (PUFAs).
PUFAs are particularly sensitive to lipidCell 16peroxidation, and thus the pool still in
membranes is presumably preferentially
damaged and lost. Glial droplets are
induced particularly strongly on a high-
PUFA diet, as if membranes with more
vulnerable lipids require enhanced pro-
tection.
But is protection from lipid peroxidation
responsible for continued neuroblast
proliferation? Although a comprehensive
answer will require identifying exactly
how neuroblasts are compromised, avail-
able evidence supports a mechanistic
connection. First, on a high-PUFA diet,
glial droplets are particularly important to
sustain proliferation. Second, neuroblasts
show less peroxidative damage if glia can
make lipid droplets. Third, without glial
droplets, neuroblasts display increased
accumulation of 4-HNE, a product of lipid
peroxidation that damages proteins.
Exogenous 4-HNE induces ROS, sug-
gesting a feedback loop that amplifies
damage and allows its spread across
the tissue (Figure 1, right).
In summary, this paper makes a
compelling case that lipid droplets play
an unanticipated, non-cell-autonomous
role in a stem cell niche, allowing stem
cells to proliferate even with oxidative
stress. Sequestration of harmful lipids
and proteins to protect the rest of the
cell is a known function of lipid droplets
(Walther and Farese, 2012; Welte, 2015);
in the proposed model, sequestration
protects vulnerable lipids from a noxious
environment. Yet how lipid droplets pro-
vide a safe haven for PUFAs remains
unknown. Is the neutral lipid core simply
inaccessible to polar ROS or do co-accu-
mulating lipids or proteins act as antioxi-
dants? Knowledge about composition,
cell biology, and biophysics of lipid drop-
lets is exploding; e.g., artificial droplet-like3, October 8, 2015 ª2015 Elsevier Inc. 269
Figure 1. Lipid Droplets Enable Neuroblast Proliferation in Hypoxic Conditions
Left: during normal development, neuroblasts divide asymmetrically, regenerating the neuroblast and generating daughters that will give rise to neurons.
Adjacent glial cells provide the stem cell niche for the neuroblasts. Right: amagnified view of the glia/neuroblast interface shows the lipid bilayers that make up the
plasma membranes of the glia and neuroblast cells. Lipids containing PUFAs are shown in green; lipids damaged by peroxidation are in red. At normal oxygen
levels, neuroblasts keep dividing. Under hypoxic conditions and in the absence of lipid droplets, ROS induces lipid peroxidation inmembranes, which in turn gives
rise to 4-HNE adducts on proteins. 4-HNE causes more ROS, resulting in an escalating feedback loop. The accumulating damage brings neuroblast proliferation
to a halt. When glial lipid droplets are present, hypoxic conditions lead to a redistribution of membrane lipids (including PUFA-containing ones) to lipid droplets
where they are protected fromROS-induced damage. Becausemembranes now contain fewer targets for lipid peroxidation, the feedback loop is dampened, and
overall damage remains mild enough for neuroblasts to continue proliferating. It is not fully resolved if hypoxic remodeling lowers the relative concentration of
PUFAs in the membrane (e.g., by reducing the ratio of lipids to proteins) or if total membrane surface shrinks.structures can now be generated in vitro
(Thiam et al., 2013). Thus, answers to
these questions are within reach.
One central mystery is that all kinds of
fatty acids are rerouted from membranes
to lipid droplets, not just the most vulner-
able PUFAs. Is this bulkmovement neces-
sary for protection? It also implies that
fewer phospholipids remain in the cellular
membranes. Whether this reduces overall
membrane surface or alters membrane
composition is unknown. Probing mem-
brane properties after hypoxic remodeling
will likely provide insightful. It will also be
revealing whether membrane lipids from
neuroblasts end up in glial droplets or if
potential ROS targets are only eliminated
from glial membranes.
Oxidative stress is a severe, constant
challenge for organisms, contributing to
many pathologies as well as to functional
decline in aging. I therefore suspect that
this newly discovered antioxidant func-
tion is deployed widely, especially since
lipid droplets are ubiquitous. In mamma-
lian cancer cells, lipid droplets are indeed270 Cell 163, October 8, 2015 ª2015 Elsevieknown to enhance cell proliferation
upon hypoxia (Bensaad et al., 2014). In
adult flies and mice, neurodegenera-
tion induces glial lipid droplets in a ROS-
dependent manner, but here, presence
of droplets correlates with more severe
phenotypes (Liu et al., 2015)—in stark
contrast to the beneficial effect on larval
neuroblasts. This discrepancy might arise
from context-specific roles of glial lipid
droplets, with different lipid pathways
sustaining proliferating neuroblasts and
postmitotic neurons.
Since both too little and too much ROS
can be harmful, antioxidants levels are
generally carefully regulated. This prece-
dent suggests that droplets’ antioxidant
properties are tunable and that, in pa-
tients with reduced or excessive lipid stor-
age, imbalanced ROS may contribute to
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